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GLYC.oROL sTaB0LiSin IH Wil PLAGUn HICKOBL

érFollowing is the translation of an article by

e V. Domaradskiy, L. V. Linnikov., and Ye. P,
Golubinskiy, Sclentific~itesearcn Antiplague lnsti-
tute, Rostov/Don, published in the Russian-language
periodical Voprosy seditsinskoy xhimii (Problems

of liedical Chemistry) 14(2), 1968, pages 185--190,.
It was submitted on 26 aug 1966._7

A different relation to glycerol is one of the main features
vnich make it possible to distinguish variants of the plague microbe
from euch other /I, 2/. The question of why some of these ferment
glycerol and others do not remains unanswercd up til now. Ve de=
cided to study the mechanism of fermentation of glycerol in cul-
turecs of glyecerclpositive strauins of the plague microbe, and by
means of a comparison of strains which decompose and do not decom=
pose glycerol to clear up the absence of wnich enzyme (enzymes)
conditions the inability of the microbes to ferment glycerol. i
Since both types of strains ferment glucose easily in the same
manner in the set up of imbden-ileyerhniof Z§7, we turned our main
attontlion to the study of the initlal phases of conversion of
glycerol, up to the stage of phosphotriose. In this communication
certain preliminary results of our investigations are presented.

Subsequently we designate glycerolpositive strains as GLt ,
and glycerolnegative - GL™ ,

Methods

The tests were sou up with vaccine strains LV (GL™) and iio 17
(GL¥). 1In addition to this in one series of tests we used tne
prototrophic mutants of these strains, vaccine strain No 1 (GL™)
and virulent strain No 1210 (GL*) s=+ For investigating the metab=-
olism of glycerol and its possible metabolites the bacteria were
incubated on a thick Hottinger medium or casein hydrolyzate (pH 7.2),
witn glycerol as a rule, for 2 days at 289, The suspensions of
cells were washed three times with a physiological solution of
sodium chloride. The concentration of cells was establisned by
the optical standard of the Control Institute imeni L. A. Taraseviche.

Absorption of oxygen was measured by the "direct" method in a

Warburg apparatus at 379, Sanples usually contained l.2 ml of

bufier (phosphate /15, vercnal Ii/10, borate 1/15), of the corre=-
sponding pH, 0.2 ml of substrate imost often 18 micromoles), and
0.5 ml of cell suspension (5 « 1010), In the control semples in
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place of the substrate water was added. For studying the metabolisn
of glycerol under anaerobic conditions tests were set up at 79 in
test tubes under a layer of sterile liquid petrolatum (composition
of tne sample remained the same). Glycerol was determinsd by tae
method described by Weish /4/, pyruvate - by the metaod of Fridewmn
and Kheugen, lactate - by tnc :ethod of Barker and Samcrson, ploSe
phorus = by the method of Fisk-Subbarrow. The utilization of
glycerol and its possible metabolites was juu sd by the capucity

of the plaguse nicrobe to grow on synthetic media, in which thcso
substances were main (in the caose of auxotrophic sirains) or unique
(in the case of prototropnic mtants) sources of carbone During
work with the prototrophic mutants we used & medium wihich was pro-
parcd by means of the addition to the saline base of the synthetic
medium /57 of 0,05 ammonium sulfate, 0,055 of one of the investi-
gated preparations, and 1l.5% of washed agar. In experiments wita
suxotrophic strains the synthetic medium, in addition to the stated
ingredients, contained 0.1 mgs of phenylalanine, 0.25 mg of cyse
teine, 0.1 mzf of methionine, and 0.1l mg% of threonine (in tne
absence of additional sources of carbon the stated amino acids in
the cited concentrations did not support the growth of the plapue
microbe)e Inoculations of washed cultures of plagge microbe on
syntnetle media were made with a calculation of 10° microbial cells
per dish. Results of the experliments were considered after incu-
bation of seedings at 28° for 5 days.

i3 Subsequently the initial strains &V and No 17, and also No 1 and
1210 are designated as auxotrophic.

Results of the Investigations

As preliminary experiments showed, straln GL+'or the plague
microbe decomposes glycerol with the absorption of oxygen; in con-
trast to strain GL* strain GL™ does not oxidize glycerol. Decom-
position of glycerol by strain GL* is primarily an aerobic process,
under anaerobic conditions the decrease of glycerol is 86% less.

In the latter case it still has not been cleared up as to what is
the acceptor of hydrogen. '

The capacity of strain LYt to oxidize glycerol is strengtnoened
considerubly if it ls incubated on a medium with glycerol (see¢ draw-
ing). Therefore we set up all the subsequent experiments with
adapted cultures, The additlon of glucose to the medium 1s not
noticeably reflected in the ability of the plague microbe to oxidize
glycerols This fact is interesting due to the fact that on certuin
other properties of the plague microbe glucose exerts a negative
effoct ZE?.

The capacity of the plapgue microbe to decompose glycerol 1s
preserved after washing and aeration or storage of cells at 5%, but
disappears under the influence of toluene. The effect of other
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cnzyme poisons on the catubolism of glycerol is shown in Table 1.

A4S cun oe seen, & siznificeant influence on the metabolism of glycerol
is oxerted only by bromo- and iodoacetic acid: with congenirations
of tues egqual to 10™vi, apsorption of oxygen and consumption of
glycerol are completely stopped.

In & borate buflfer the optimurm of tne oxidation r:nctlon of
clycerol lies at pH 7.8. In a veronal bufier in the range of pH
7.0-=0,0 it was not possible to establish an expressed optimum,
but at o 6.0 the absorption of oxygen cna decrease of zlycerol
are roduced. 4t pH 7.2 the intensity of conversion of glycerol in
a borate, and especially in a veronal, bufier is comparible with
the rate of oxidation in a phosohate ouffer (Teble 2).

Judging by our data, for 1 mole of decomposing glycerol an
aversze of around 1 mole of oxysen is consumed. Stoichiometrically
this corresponds to the conversion of glycerol into pyruvic aciditid,
Jowever, we never observed the conversion of glycerol into pyruvate
even in a veronal buffer, in which pyruvate usually accumulates
nost of all (see Tables 1 and 2). Apparently the process does nots
stop at the stage of formation of pyruvate; it proceeds furtner,
but already without & noticeable expendlture of oxygen. Here,
gl ong witih other, still unidentified, products lactic acid is
formed, but the quantity of 1t does not exceed 10z (2 micromoles)
of the amount of oxldized glycerol.

wss: It 1s necessary to take into consideration that due to short-
comings in the design of the manometric vessels (one stationary
side retort) tne time of determination of decrease of glycerol in
our experiments always exceeded tune time of calculation of oxygen
consumption. This apparently explains tne quantltative difl'erence
in the decrease of glycerol and the consumption of oxygen.

As is known, the decomposition of glycerol begins with its
phosphorylation or dehydrogenation. 1ln order to come close to &an
answer to the uuestion as to what starts tie decomposition of gly-
corol in tine plague microbe, we studied tne relation ol GLT and
GL= strains of tine plague microbe to jlycerophospnate, dihydroxy=-
acetone, and gplyceraldehyde. The results of our oxperiments are
reduced to tne following. The capacity for tihe oxldution of
d,l-0lpha=;lyceropnosphate 1s possossed only by the gL+ strain, and
then under the condition that the experiments are conducted in &
voronal bufier, but even in this case thec rutve of oxidation .l Zly=-
ceropnosonato is less than the rate of oxidatlon of ylycorol (Tables
3 wnd 4). The oxidation of alpha=-glycerophosphato is accompanied
by tne liberation of inorganic phosphate in quantities wnlch e
equivalent to the amount of absorbed oxygen, aud by the formation
of truces of pyruvic acid. It is inveresting to note that the
bota-isomer of glycerophosphate, which 1s not an intermediate pro-
duct from the decomposition uf glycerol, 1s also oxidized by the
GL+ strain of the plague microbe. 1.1 spite of the fact tnat tne
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GL= strain does not oxiulze both isomers of glycerophosyhate, amall
amounts of inor anic piosphate and lycerol ars detectod in tne mediuni.
Apparently in this case uecompos-tlon is realized undcor the influonce
of phosphatase /7, 8/, The G4L¥ and GL= gitrains of -ue plague
microbe eitner do not oxidize dlnydroxyacetone at all or oxidize it
very weaklye. In contrast to dinydroxyacetons, d,l-glyceraldenyde
is oxidized by tne GL * strain (but not the bL"). dere tne maximum
rate of oxidation 1s noted in a phospnate buftsr (see Table 4). ror
the purpose of determining vhich substratcs ares used by the plague
microbe as unique sources of carbon in tane nmedium, wc used the
prototrophic mutants of tne plague microbe 137. As the experiments
saovwad (Table §), on mininum media vhe GLTF mutants sro. i1 the
vresence of glyecerol, alpha=- and beta=isomers of glycerophosphate,
and 3=-phosphoglycoric acid; glycerolnegative mutants grow only in
the presence of the last substrate. Behaving in the same .i&nner
as the GL* and GL"prototrophlc strains are their corresponding
auxotrophic strains of the plague microbe. It is important to
stress that under the given conditions dihydroxyacetone ana giycer-
aldehyde are not sources of carbon for the plague microbe,
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Influonce of glycerol and glucose in tne lncut.ition medium on tae
capaclity of tue plague microbe to oxidize glycerol,

Voronal buffer pH 7.2; lncubation 25 minutes; reliable interval =

f'or probabllity 0.99,.

1l « absorption of oxygen by culiture from a medium without an aduitive;
2 - absorption of oxygen by oculture from & medium with glycerol;

3 =~ absorption of oxygen by culture from & medium with glucose,
Figures under tne columns -~ number of tests. (a) - micromoles.

4.




-

T T e

Table 1

Influcncoe of enzymce poisons on tae netabolism of lycerol (strain
1o 17, pH 7.2, incubation 25 mlnutes; in micromoles per sample)

i
UHADYMHC
’ HWG.O icao pljz:ﬁc",&‘]l Bydep Tlornowmeno | Henoataouauo ot:x:;zBX:f:;'-o
@ : om.nab (8 H04b) i - 3 ! RuCA0[04 SAMLepIia l“;)-'l;‘:lmi'i
A ZC> (Ce ) l@ KiCAuTIn @
> Bes e 5 — Qochatiinit 10,720,069 | 13,620,687 0,5+0,14
©C H® 5 16 » & 12,520.69 | 1565081 | 0,3%0.1 16
> Bex sqa 6 — Beponanosu~) 12,3=0,39 | 15,9%0,47 | 740,51
oC JHO 6 10~ o D) im0 | 13250053 | 89052
= Bes sita 4 - » 1122063 | 14,7=1.31% —_
OC Ok 4 5x 0~ » 9,82-0,64 | 13.62:0,94 —
Xlien st 3 — &Docq»a-ruuix@ 12,0::1,21 1 16,4:20,32 -
AC MITYR 1 10— > ) -
AC MIYK ! 10— » 7,4 - -
&HC MHUYK 1 2.10™4 » 3.4 4,2 —
X De3 n1a 7 — Bepouaaosmit | 11,5=0,54 | 16,1=0,21 —_
AC MUYK 3 16— » 0,4=0,21 0 -
AC MIIYK 3 1074 » 770,47 | 7,7+0,46 —
AC MIUYK 1 2.10—¢ » 1,8 2,2 -,
*Bes naa 4 > 11,220,42 | 16,220,480 2,8=1,35
£1C MOAA 4 1073 > 11,7£0,67 l7.l® 3,1x1,48
xbes naa 4 —_ » 11,4=0,86 | 11,4+0,92 4,9+ 1,60
2 C MBYK 3 102 > 0 0,9+0,33 0
@C MBYK 1 10— » 8,7 9,0 3.4

1 1In this and subseqguent tanhles the figures represent the averuge
and tie error of uverages (MZmn).
2 [ icronyms explained in the legend /
% average of 3 tests. )
4 Lverape of 2 tests.
5 One test.
i Loesend: (a) Sample: x - wWithout poison; o = «ith DiP /p-dinitrogheno%&

i e - Wita NaF /sodium fiuoride/; A - .iith 10A /iodoacetic acid/;

: 0 - .ith iFA4i /monofluorocacotamide/; B - With suA /bromoascetic acid/;
: (b) umber of tests; (¢) Goncentration of poison (in moles); (4)

; bulrer; (e) absorbed oxypgen; (r) Utilized glycerol; (g) Pyruvic

| acid detected; (h) Phosvhate; (i) Veronal.

Table 2
.ietabolism of glycerol in various bufiers (pd 7.2, struin lio 17,
incuvation 40 min; in micromoles pur sumple)

(Ly @ @’) @ OGuapymeno
Bydep Yucno | Moraouieho |[HenonudSuano| nupomuiuo- , .=
onmiTos] KucAOpOAR FANUSpENE rpaanon
, KneaoTu
f

: (& wocparnmn 6 | 12.8=081 | 11.9%1.31 | 070236
.. Beponanonuik S 11,9105 | 15,2+1,22 | 8,4%0,95

() OPATHMR 4 9,3x0,07 7,1+1,00 1,0£0,32

Key: (a) bufi'er; (b) Jo of tests; (c) Uxygen absorbed; (u) Glycerol
usod; (o) Pyruvic acid detected; (f) rnosphate; () Veronal;
(n) Borate.
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Discussion oi Lesults

Our findings testify to the presence in ¢Lt strains of a
number of enzymes which participate in tne decomposition of zlycerol
and which are not formed by GL™ strains. Consequently tne difler-
ence between the GL* and GL™ streins amounts to the inavility of
GL~ svrains to form all these enzyries. The latter 1s grob.bly a
genctypic characteristic. 4s regards the question of tie paths of
conversion of glycerol in GL7T strains, then it still resains open.
In tne licht of the data presented, tae proviously expressoed
nypotnesis tnat glyccropnosphate does not lie on the patn ol break-
down of glycerol ;97 nas received nevw confilrmation, However,
not included within the framework of this hypotanesis are fucts
testifying to the absence in tne plague microbe of the cupacity
to oxidize dlhydroxyaceivone ana to use it ac a scurce of curbon.
Nevertheless, the first product in tne conversion of glycerol may
not be dihydroxyacetone, but glyceraldehyde.

Table 3

Comparative data on the metabolism of glycerol and d,l-alpha-
glycerophosphate {veronal buffer, pi 7.2, incubation 25 nin,
strain No 17, in micromoles per sample)

.

@ @ @ Odbuapy ;uc(%y @)
CyGerpar

Yueao | [loraciieno mitponiito. | OGuapyseno |Henoarionano
ONKMCACHHN ONLITOY KHCROpOAK rpaknoii $ocdata FARUCPUHY
KHEAOT I

1,11 - 15,0 9,61
0,29 6.52:0,03 -

Tauuepun 5 11,720,79 | 9.5
A FCanuepopocdar 5 7,1£055 | 1,3

Key: (a) Oxidation substrate; (b) wumber of tests; (c) Uxygen
absorved; (d) Pyruvic acid detected; (e) Phosyvhate detected;
(f) Glycerol used; (g) Glycerol; (h) Glycerophosphate.

I'or a f'inal solutjon of tne question concerning; vae putas ol
rlycerol obreakdown it is necessary, first of all, to obtuain yresar-
atlions ol tne correspondiny enzymes, and, sccondly, to attuoin:t to
isolate a mutant which 1is devoid of pacsphatase ac’ fvity {(Lelativo
to alpha=zlycerophospnate). This will make it possible to vxclude
the »ossibility of oxidation of glycerophosphate by an intormediuto
routo, isc., through glycerol. Finally it is neocessury (o uxgyerie
mentally verify tne hypothesis of Boyce and associates 1127 concorn-
ing tne metabolism of glycerol in the plague micrebe taroupgh t.o
atazo of formation of hexose, and to clear up in what mannor tas
GL~ strain of the plague microbe uses plycerin for thne synthesis
of amino acids, ribose, and deoxyribose.
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absorption of oxysen in She presciaes of slyeorol ana iy
ricttoolites (pil 7.2, incubuaiion 25 r:

S . S N ey

-

.-
1in; i wmicromoles

@ Lt ) (e Iy

CyGerpat  oxugacing ; j { et ! heD AL ;‘:“‘_":‘"'“““,“"""f i
4 3 @ Gydup f(ﬁ)\q unp @y).,u 0 i.ua.u Gyl @
. ! H
g Tawuepmn . . ., Il I 135.920,83 ‘ L i=08 ‘ 0 ' G
d, l-a-raiuepo¢ocgar ) { 13z=025 | 7,6=0,5 0,2 ; J
<" JInoxcuauerou 9 { 080,06 1 1,520,299 oz | 0
j d, l-ranuepanvzeriy 5 | 1542075 | 2p:o;2{ 0 | 0
|
fer: (2) Oxidation suostrate; (b) number of tests; (c¢) Strain Mo 17;
(d) Strain =V; (e) fhos,nate ouf. v; (f£) Veronal bufier; (i) Glycerol;

3

{n) u,l-alpha-glvcerophosghate; (1) viaydroxyacetone;

(J) d,l-glyceraldehyde.

Growth of plague microbe on dense syntaetic
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(a) Struin of PMlague
0. . .wgzuo microbe straing

=005 002 yceric acid

_xrceraldeiyde; (f) gl

microve; (o) duiiber ol touts;

(¢} Grovin
i tag urescice ol';

\d) glicerol;
jeerosios dnte; (o) dinydronyweatony;
7 (1) wishout souices ol caroon (coatrol);

-
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1

} ¥ prototropn GL™ ; (i) wo 17 #rototrosa GL* ; (1) LV auxo-
0.4 GLT 5 (m) Yo 17 auxotrogh GL*+ 3 (n) Wo 1 auxotrouh Gu- ;
) <o 1210 auxotroph GL*+ .
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2.

4.

1.
2,
‘ 4,

l.
aldenydc, aha (lycerou.nosparte, Hut oiuctically does not oxialze
dinydroxyacetonc. The UL~ struin does not oxidize tiole substrates
at all. '

Conclusions

Tne GLT strain of tue piajue microbe oxidizes ilycorol, 1l cor-

o

as unique sources of carbon tio LV strain uses ~lycurol
LA ’

rlyccrophosyhate,  nd s=-phosp.no;lycerie ucide Tne GL™ strain uses
only the last substr.te.

Se
during incubation of the GL ¥ struin on 2 mediwa with glycerol.

The capacity to oxidize glycserol is stren-tnened considerably

Oxidation of glycerol is accompanioed by thne Iormation of

pyruvic acid and lactic acad.
Se
acild; such an effect is not exinibited by dinitrophenol, fluoro-
acetamide, and sodium fluorlde,

Qe
glycerol is munifested only in the fact tnat in a veronsl bufler
thore 1s & ;reater accumilation of pyruvic acid than in tac otiers.
in & veronal buff'er the pgreatest rate of oxidation lles within the
range ui pi 7.0--9,0.

Oxidation of glycerol is inhibited by bromo=- ana Zodoacetic

9ne i:fluence of tne nature of thne bufier on tiae oreawxdown of
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